Ricotti L. Static and dynamic balance in young athletes. J. Hum. Sport Exerc. Vol. 6, No. 4, pp. 616-628, 2011. The creation of a mature athlete necessarily passes through the expression of his potential during each phase of his development. Young athletes' trainers often neglect specific balance programs, above all in certain sports (e.g. soccer) where balance is poorly considered, but that is fundamental for the execution of complex technical movements, as well as for the prevention of future injuries. In this paper we highlight that balance training at specific ages is important for the maturation of the sensorimotor abilities that are important for a high level athlete. We discuss the main methods used to assess balance in sports, including some useful formulae that can be used to quantify postural performances, and we report the major findings concerning static and dynamic analyses on children and adolescents. Finally, we discuss the existing literature regarding balance recordings on adults, adolescents and children involved in one or more sport activities at regional, national or international level, highlighting the need of further research on the mechanisms underlying balance improvements related to different sport activities at various ages.
INTRODUCTION
Children and adolescents are not "small adults". Their body and their mentality are quantitatively but also qualitatively different from the adult ones, and they must be therefore considered not just smaller, but different. They are subjected to a maturation process that is not linear, but characterized by "growing spikes", affecting their capability to learn particular motor skills. An effective training program for children and adolescents must take into account the psycho-physical particularities of each age range, in order to focus on and to exploit at the maximum level the specific age-related motor learning abilities. Weineck (2001) described the main age ranges for children and adolescents, specifying the sensibility of each age to the learning of a specific motor skill (Table 1) . Conditional abilities (force, resistance, velocity)
From Table 1 it is evident that balance and coordination emerge as key trainable motor skills from the age of 10, raising the attention on the importance of specific equilibrium and coordination-based training sessions at that age.
Coordinative abilities (dexterity) rely on the movement control and regulation processes, and they are fundamental in sports, as they allow athletes to easily control their own motor actions. Moreover, they allow the learning of complex movements in a relatively rapid way. One of the main components of coordinative abilities is balance. Postural control (or balance) can be defined statically as the ability to maintain a base of support with minimal movement, and dynamically as the ability to perform a task while maintaining a stable position (Winter et al., 1990 influencing a person's ability to attend to relevant proprioceptive and visual cues (Ashton-Miller et al., 2001) . Research therefore suggests that changes in both sensory and motor systems influence balance performance, and such changes seem to be more effective if induced in children, during the appropriate age ranges, by means of specific training, as suggested by (Weineck, 2001 ). The assessment and the periodic monitoring of static and dynamic balance in young athletes can be an important instrument in order to correctly define and change training programs, taking into account the sport practiced, the rate of improvement in balance scores over time and the athlete's age. This would allow to maximize, in each period of the athlete's body development, the harmonic creation and optimization of a wide set of fundamental motor abilities.
In the present review we describe the methods used in the literature and in sporting practice to quantitatively measure static and dynamic balance, particularly focusing on center-of-pressure recordings and their use as clinical as well as sport performance indexes. Then, we focus on the literature data regarding balance measurements in healthy and non-healthy children, and we finally try to summarize the several reasons for which balance monitoring and improvement is important in young athletes performing different sports. In the conclusions and perspectives, we remark the need for further studies on static and dynamic balance of children performing different sports, and we propose some ideas in order to expand the existing literature in this field.
METHODS FOR ASSESSING BALANCE IN SPORTS
There are several postural control strategies identified in literature to maintain balance in a variety of static and dynamic activity circumstances. The ankle strategy, for example, (based on the restoration of stability through body movement centred around the ankle joint) is mainly used when the equilibrium perturbation is small and the support surface is firm. The hip strategy is used in correspondence to larger perturbations, as the ankle strategy does not provide enough force to maintain postural stability; the movement is focused at the hip joint. When the perturbation is large enough to displace the centre of gravity outside the person's base of support, the stepping or hopping strategy is used to restore balance. Muscle synergies are used to adapt these postural strategies to a variety of dynamic situations (Emery, 2003) . Whatever is the strategy to keep or to restore it, balance can be quantified by means of several indexes, related to different tests. Some of these are used both in clinical and in sport trials, to assess respectively the presence of a pathology and an athlete's balance performance level after a specific training program, and all of them can be used to assess balance of children. The selection of a suitable method generally depends on the goals and results aimed at, as there is no single assessment technique that could be used as a true indicator of the overall integrity and functionality of the balance control system (Winter et al., 1990) . For all the existing tests, the selection of measuring time and stance conditions is essential. In typical force platform measurements, for example, the most frequently used duration is from 20 to 30 seconds, even if longer and shorter times have also been used ( Table 2) . The measuring time should be long enough to provide an appreciable result, but short enough to avoid fatigue with the measurements (Iverson et al., 1990) . Variations in the technique of measuring posture during stance must be also considered; standing on two legs is the easiest position, but the subject can be asked to stand with the feet together, touching the heel to the toe (tandem stance) or standing on one leg (Harrison, 1994) .
Regarding static balance, traditional tests to evaluate it consist in measuring the length of time subjects can maintain a particular equilibrium position (Graybiel, 1966) . In such tests, visual inputs are often minimised, in order to not interfere with the assessment of balance control, that is dependent on the vestibular and somatosensory functions. Static balance in athletes has traditionally been assessed with the standing Romberg test; the subject stands with the feet together, arms at the side, and eyes closed. A tendency to sway or fall to one side is considered to indicate a loss of proprioception (Booher & Thibodeau, 1995) . This test has been strongly criticized for its lack of sensitivity and objectivity (Guskiewicz & Perrin, 1996) . The Balance Error Scoring System (BESS), described by Riemann et al. More recently, advancements in technology have provided the scientific community with force platform systems for the quantitative assessment of static balance. These systems provide an easy, practical, and cost-effective method to quantitatively assess functional balance through the analysis of postural sway. The most common systems are the Chattecx Balance System, the EquiTest, the Force Plate, the Pro Balance Master, and the Smart Balance Master (Guskiewicz & Perrin, 1996). Such systems basically record the displacements of the centre of foot pressure (COP) by means of strain gauge sensors embedded in the platform structure.
The movements of the COP reflect both the horizontal location of the centre-of-gravity (COG) and the ground reaction forces due to the muscular activity of the lower limb, transmitted through the foot. They are therefore related to the subject's body movements during the stance, named "body sway" (Era et al., 1996). More precisely, body sway is defined as the persistent oscillation of the centre of mass (COM) referring to the antero-posterior (AP) and medio-lateral (ML) axes. This variable is not usually measured in a direct way (for example by means of kinematic analysis with joint markers), but it has been demonstrated that COP recordings from a force platform can be used to compute a subject's COM ( Regarding dynamic balance, a simple test to measure it is the Star Excursion Balance Test (SEBT) (Gribble & Hertel, 1999) . It requires participants to maintain a single-leg stable stance and to reach for maximal distance with the other leg in 8 different directions. When the stability of the supporting leg is compromised, the test is repeated. Data have to be normalized to the subject's leg length. As for static balance, the need for a higher objectivity and reliability of measures, together with the corresponding advances in technology, make the force platforms' measurements the most used method, in literature, for assessing dynamic balance in adults and in children.
The classic protocol followed to assess dynamic balance using a force platform is the jump protocol. The subject is asked to stand on the platform maintaining a double-leg stance, then to jump (at a height which varies depending on the purpose of the experiment) and to land on one foot, immediately putting the hands on hips and trying to recover a stable stance as quickly as possible, while facing straight ahead. Many parameters can be extracted from force platform recordings during the execution of this task. One of the most used is the Time To Stabilization (TTS), a measure of neuromuscular control that incorporates both sensory and mechanical systems to master the complex task of jump landing (Wikstrom, 2004 
The variables x, y, and z refer to the components of the force platform signal along the corresponding axis during time. The DPSI is a composite of the 3 parameters described before, and it is sensitive to changes in all 3 directions.
The DPSI is an index of how fast a subject can recover a stable stance after a dynamic task (the jump, in this case). DPSI values are normally evaluated over different time intervals (for example 3, 5 and 10 seconds after jump landing), to check the decrease of the parameter (and the consequent recover of stability) over time.
Dynamic balance conditions have also been investigated by means of seesaw devices, having only 1 degree of free motion and generating instability, laid on the force platform. In this case, it is also possible to investigate the COP excursion in the frequency domain, to assess the preferential involvement of short or long neuronal loops in balance regulation (Maki, 1986; Peterka, 2002) . Fast Fourier transforms can be applied to COP displacements from 0 to 20 Hz, and the total spectral energy calculated and distributed in 3 frequency bands: low frequencies (0-0.5 Hz), medium frequencies (0.5-2.0 Hz), and high frequencies (greater than 2 Hz).It has been shown that low frequencies mostly account for visuovestibular regulation (Dichgans, 1976; Nagy, 2004), medium frequencies for cerebellar regulation (Njiokiktjien, 1978) and high frequencies for proprioceptive regulation (Gurfinkel, 1973) . In contrast with force plate systems, the Biodex Stability System (BSS) uses a circular platform that is free to move in the AP and ML axes simultaneously. The stability of the platform can be also varied, by varying the preset resistance force applied by springs on the underside of the platform (Arnold & Schmitz, 1998). Rather than measuring the deviation of the COP during static conditions, this device measures the degree of tilt about each axis during dynamic conditions. Thus, the BBS appears to provide more specific information on ankle joint movements.
CHILDREN, ADOLESCENTS, AND BALANCE
From an exquisitely neuroscientific point of view, an ontogenetic model of the development of balance control in children was described in 1998 (Assaiante, 1998) , hypothesizing that the two main modes of equilibrium control (ascending and descending temporal organization) operate alternatively. , but none of these works incorporated reliability reports on the evaluation of the method of using force plate measurements for a childhood population. Interesting conclusions can be however taken from such studies, particularly from (Schmid, 2005), focusing on 148 children with ages ranging from 7 to 11. They showed that the role of vision varies within the studied age range, and that the maturation of balance control is not complete, even at the age of 11.
In 2006 a study based on assessing static and dynamic balance on 99 children from 9 to 10 years old, including test-retest reliability, with the aim of furnishing reference values for the balance at that age was published (Geldhof, 2006) . The results showed significantly lower sway velocities in girls compared to boys, indicating a better postural control in girls at age 9 to 10 years.
Together with such a general approach to children balance, research also focuses on specific pathologies-related balance disturbs, in order to deeply understand how a pathology influences the development of postural control of children, but also to find some diagnostic parameters based on balance screening. Donker et al. in 2008 compared postural sway fluctuations of children with cerebral palsy (CP) and of healthy, typically developing (TD) children (Donker et al., 2008). They also investigated the effect of visual information on postural sway in the previously mentioned groups. The findings of this study indicated that postural control in CP children is deteriorated compared to TD children, and visual deprivation influenced sway characteristics differently in the two groups.
Regarding adolescents, the literature reports investigations on their static and dynamic balance, mainly in relation with pathologies or injuries. The pioneering work of Ribadi et al. compared three groups of adolescents, composed of sighted, blindfolded, and congenitally blind students respectively (Ribaldi et al., 1987). Significant differences were found in all the three groups, with the sighted group demonstrating superior balance for both measures, and with the blind group showing significantly better VOLUME 6 | ISSUE 4 | 2011 | 622 performances with respect to the sighted blindfolded group only concerning dynamic balance. The influence of adolescence overweight and of previous wrist bone fractures on static and dynamic balance was investigated in 2003 by Gouldinga et al. (Gouldinga et al., 2003) . Overweight was found to be a negative factor for balance performances, while fracture history did not affect balance measurements. Similar studies were performed on adolescents affected by scoliosis (Mallau et al., 2007), autism and Asperger syndrome (Freitag et al., 2007) , and by epilepsy (Kowulski, 1995).
THE IMPORTANCE OF BALANCE MONITORING AND IMPROVEMENT IN YOUNG ATHLETES
Proper balance control in the achievement of motor skills is mainly based on muscular synergies that minimise the displacements of the centre of gravity. This constitutes the base for the correct execution of complex technical gestures, as well as for the minimization of injury risks. The importance of balance monitoring in adult athletes clearly appears from the conclusions of both articles by (Paillard, 2002) and (Paillard, 2006) , the first one regarding judoists, and the second one regarding soccer players balance analysis. Results show that no differences in static balance are evident for judoists performing at regional level and judoists performing at national and international level. However, visual information seems to be more important for the higher level athletes, suggesting that the level of competition influences the sensory canals involved in balance. Static and dynamic balance performances are significantly different for soccer players involved in regional or national activities, suggesting that higher level players possess a greater sensitivity of sensory receptors or better integration of information than regional players. Balance performance analyses of athletes can be useful to investigate the role of specific factors on stance control. (Shaw, 2008) analyzed ten female volleyball players during jump-landing tasks, evaluating the efficacy of different bracing conditions in optimizing dynamic balance indexes, even in presence of fatigue. Preventing injuries is one of the main objectives of postural evaluation and correction. Kruger et al. analyzed 30 uninjured rugby players, finding that the application of a prophylactic knee brace significantly improved their proprioception performances.
It is also interesting to discover how and how much different sport activities lead to different balance performances and strategies. (Bressel, 2007) compared female athletes competing in soccer, basketball and gymnastics, finding substantial different static and dynamic performances among the groups. Similar conclusions were reported by Davlin, while (Perrin, 2002) focused on the differences between judo and dance activity, concerning balance control abilities. They found that, with eyes open, both judoists and dancers showed better static and dynamic stance than a control group not involved in any sport activity, while with eyes closed, only judoists have a significant better stance. This indirectly demonstrated that the two sport activities stimulate different proprioceptive canals.
An exhaustive review regarding adult athletes and the connection between their balance abilities and athletic performances is given by (Hrysomallis, 2011) , describing that gymnasts tend to have the best balance ability, followed by soccer players, swimmers, active control subjects, and then basketball players. In (Hrysomallis, 2011) are also reported data regarding other sports, such as rifle shooting, golf, alpine skiing, surfing, judo, ice hockey, skating, and baseball.
In (Stepinski, 2003) are reported data regarding the motor abilities of adolescent soccer players, comparing them with a control group composed by same age boys performing no sport activities. While speed, anaerobic power and frequency of movements are positively affected by soccer activity, smaller effects were found regarding coordination. This suggests that coordination training is often neglected in young soccer players, a negative factor that will influence their future performance. Balance is not only important for the execution of complex technical gestures, but it is also connected to the overall athlete's strength, as reported by (Cowley, 2006) and it can be connected to injury risks, as discussed by (Emery, 2005) .
All these findings lead to the starting point, related to the importance of training children taking into account specific age-related balance training sessions, in order to induce effective changes in both sensory and motor systems influencing present and future balance performances. In this framework (Ricotti and Ravaschio, 2011) showed how dance can induce a strong improvement of static balance performances on 9 years-old soccer players during an overall period of six months. Being of particular significance, we report the results shown in the article (Figure 1 ). 
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Only static balance tests were performed: double leg stance with eyes open (Figure 1(A1) ), double leg stance with eyes closed (Figure 1(A2) ), single leg stance on dominant limb (Figure 1(B1) ) and single leg stance on non-dominant limb (Figure 1(B2) ). The changes in balance abilities were found to be induced by the specific dance-related training movements in all the four conditions, and not by the simple addition of generic sport activity (as demonstrated by the comparison with a control group of swimmers). No findings have been reported regarding dynamic balance, raising the need of further research on such topic.
CONCLUSION
In order to create good adult athletes, it is of primary importance the attention that is paid to a complete and harmonic development of motor abilities at early ages, above all concerning the specific agerelated ones in each phase of the athlete's body development. Presently, there is poor attention on such aspects, not only in practical training sessions, but also concerning the existing literature. Few authors concentrated on the possible strategies to improve children static and dynamic balance, and on the influence that different sport activities have on postural strategies at early ages. It is desirable that future researches will focus on such aspects, in order to clarify the underlying mechanisms and to develop new effective strategies for the expression of athletes' potential.
